• AIM: To investigate the long-term visual and anatomical outcomes of patients who underwent intravitreal ranibizumab monotherapy to treat neovascular age-related macular degeneration (AMD) and followed-up for at least 2y.
IntRoduCtIon
A ge-related macular degeneration (AMD) is a chronic and progressive disease that causes significant blindness in the elderly population [1] . AMD can be classified as nonexudative (dry) or neovascular (wet). Neovascular AMD is characterized by the formation of abnormal blood vessels known as choroidal neovascularization (CNV), and the visual prognosis of neovascular AMD is poor if the condition is untreated [2] . Currently, the standard therapy for neovascular AMD is antivascular endothelial growth factor (VEGF) treatment [3] .
Ranibizumab (Lucentis, Novartis Pharma AG, Basel, Switzerland) was approved for treatment of neovascular AMD in the USA in 2006. The ANCHOR trial demonstrated the efficacy of ranibizumab, over for 24mo, in the treatment of (predominately classic) CNV. The MARINA trial demonstrated the efficacy of such treatment in minimally classic or occult CNV [4] [5] . In the ANCHOR trial, 423 patients with predominantly classic CNV secondary to neovascular AMD were treated with either photodynamic therapy (PDT) every 3mo as needed, or with monthly intravitreal injections of either 0.3 or 0.5 mg ranibizumab. The results at the end of 2y showed that 89.9% of the 0.3-mg and 0.5-mg ranibizumab groups lost fewer than 15 letters of best-corrected visual acuity (BCVA) compared to 65.7% of the PDT-treated group. The mean BCVA improved by 8.1 and 10.7 letters in the 0.3-mg and 0.5-mg ranibizumab groups, respectively, while a 9.8-letter drop in vision was evident in the PDT-treated group [4] . In the MARINA trial, 716 patients were treated with either monthly placebo injections, or with 0.3-mg or 0.5-mg ranibizumab injections, over a period of 2y. The results showed that 90% of the 0.5-mg ranibizumab-treated eyes avoided visual loss ≥3 lines of vision, compared to 62.2% of the placebo injection group. A mean visual gain of 6.6 letters at 2y was evident in the 0.5-mg ranibizumab group, compared to a mean loss of 14.9 letters in the control group [5] . The long-term safety of ranibizumab used to treat AMD was assessed in the HORIZON trial, which was an open-labeled extension trial with patients who had completed the MARINA, ANCHOR, and FOCUS trials [6] . A slight mean decline in the visual acuity (VA) gain was observed in initial studies. With less frequent follow-up (a mean of 2mo) and a less rigorous injection schedule (a mean of four injections over 2y), a mean gain of 2.0 letters was evident in the ranibizumabtreated groups, and a mean loss of 11.8 letters in the pooled ranibizumab crossover and untreated groups, at 48mo. VA in the ranibizumab-treated group remained stable over 4y, while the control groups lost vision because of delays in their initial treatment. The study concluded that ranibizumab was safe long-term, but that an incremental decline in the VA gain was evident with a longer interval between follow-ups and less frequent dosing [6] . In the SEVEN-UP trial, performed approximately 7y after ranibizumab therapy in the ANCHOR or MARINA trials, onethird of patients exhibited good visual outcomes, whereas another third had poor outcomes. Compared to baseline, almost half of the eyes were stable, whereas one-third declined by 15 letters or more in terms of VA [7] . Because of lack of patient compliance, optimal treatment is usually not possible, and the mean periods between visits usually become gradually longer [8] . The objective of this study was therefore to analyze the results of intravitreal ranibizumab injection in real-life clinical practice, by retrospectively examining the visual and anatomical outcomes of intravitreal ranibizumab for neovascular AMD over a long period of time.
SuBJECtS And MEtHodS
Patients treated with intravitreal ranibizumab for neovascular AMD at Hacettepe University Department of Ophthalmology between December 2006 and May 2013, and who were followed-up for at least 2y, were included in this study. In total, 74 eyes of 74 patients were analyzed. Each diagnosis of neovascular AMD was based on fundus examination, optical coherence tomography (OCT; Zeiss, Oberkochen, Germany), and fundus fluorescein angiography (FFA; Carl Zeiss Meditec AG, Jena, Germany). Exclusion criteria included CNV attributable to other causes; previous intravitreal ranibizumab, bevacizumab, or pegaptanib monotherapy; previous intravitreal injections of other agents including triamcinolone acetonide; previous PDT; or fibrosis or atrophy at baseline. Institutional Ethics Board approval (LUT 14/365, dated June 25 th , 2014) was obtained from the Hacettepe University NonInterventional Clinical Research Ethics Board. After receiving approval from the Ethics Committee of the local institutional review board, a retrospective chart review was performed. All procedures were conducted in accordance with the Declaration of Helsinki. Data on age, gender, the numbers of visits and injections, VA measured with ETDRS charts, and adverse events were extracted from the patient charts. The type, location, and size of CNV (using Zeiss Visupac software, version 4.3), and the development of fibrosis and/or atrophy were evaluated from fundus photos and FFA images, and OCT characteristics and central macular thicknesses (CMT) were retrieved from the OCT database. A pro re nata (PRN) treatment strategy was used, and patients were invited for monthly follow-up visits. Injections were repeated if ≥5 letters had been lost in the BCVA, or there was recurring or persisting intraretinal and/or subretinal fluid.
Statistical analyses were performed using the Statistical Package for the Social Sciences, version 21.0 (IBM, Armonk, NY, USA). The Pearson's Chi-square test and the Fisher's exact test were used to compare categorical variables. Mean and standard deviation were used as the definitive statistics for digital variables in cases where the normal distribution assumption was verified, and median and inter-quartile distribution ranges were used in cases where such verification was not possible. Frequency and percentage were used as the definitive statistics for categorical variables. The level of significance was defined as 0.05. RESultS A total of 74 eyes of 74 patients who were treated with intravitreal ranibizumab because of neovascular AMD were included in this study. In all, 40 patients (54%) were female and 34 (46%) were male. The mean age at the time of diagnosis was 72.1±6.5 (range, 57-85)y, the mean follow-up period was 46.2±13.1 (range, 24-75)mo, and the mean number of visits 24.1±9.5 (range, . The mean period between two visits was 57±16d. At baseline, 74 eyes were evaluated. However, the number of evaluated eyes decreased during each year of follow-up. In years 1 and 2, 74 eyes were evaluated, whereas 53 eyes were evaluated in year 3, 30 in year 4, and 18 in year 5. The mean number of injections within year 1 was 4.5, 1.6 in year 2, 0.9 in year 3, 0.4 in year 4, and 0.1 in the following years. Overall, the mean number of injections was 7.6±4.4 (range, 2-21) (Figure 1 ). When eyes were evaluated in terms of lesion type at baseline, predominantly classic CNV was found in 17, minimally classic in 4, and occult CNV in 53 eyes (Table 1) . Of the occult lesions, those of six eyes featured >50% pigment epithelial detachment (PED), and, in 9 eyes, more than 50% of the lesions were hemorrhagic. The baseline lesions were smallest in the predominantly classic type, and largest in the occult type with predominantly hemorrhagic characteristics (Figure 2 Table 2 , Figure 5 ). Scarring or atrophy developed in 70.6% of eyes that had a baseline lesion classified as predominantly classic, in 75% of lesions that were initially classified as minimal classic, in 68.4% of occult lesions, in 66.6% of occult PED lesions, and in 88.8% of predominantly hemorrhagic occult lesions. No significant among-group difference was apparent. Endophthalmitis developed in 1 patient of 74, 2d after the ninth injection. The patient recovered after vitrectomy and treatment with intravitreal antibiotics. At baseline, the BCVA of that patients was 45 letters; was 60 letters just before the last injection prior to endophthalmitis; and was 80 letters at the last visit 2y after vitrectomy. No other significant ocular sideeffects were observed. Rhegmatogenous retinal detachment was observed in 1 patient. The retina was re-attached using pneumatic retinopexy and 360° laser photocoagulation. However, after the next injection for disease treatment, the retina redetached and further surgery was needed. During follow-up, one patient developed breast cancer and another an acute myocardial infarction. dISCuSSIon Wet AMD is one of the most significant causes of visual loss in people over 60 years of age in industrialized countries [9] .
Currently anti-VEGF treatment is used to treat subfoveal lesions, and the short-term results of monthly or PRN ranibizumab are well-established.
The results afforded by ranibizumab in actual practice are not as good as those of randomized clinical trials, possibly because of the lax inclusion, exclusion, and follow-up criteria used in clinical trials. In the LUMIERE study, patients received an average of 5.1 injections, and the mean change in VA from baseline to month 12 was 3.2 letters [10] . Another retrospective study conducted in France showed that ranibizumab was associated with stabilization of VA, but not with visual improvement [11] . In the WAVE study, patients received a mean of 4.34 ranibizumab injections over 12mo, and the mean change in VA from baseline to month 12 was +0.02 logarithm of the minimal angle of resolution (logMAR). The majority of patients (n=2605, 75.1%) were treatment-naïve, and 11.7% (n=405) had already undergone prior intravitreal treatments. Of cases classified as CNV, most were occult (n=2092, 63.9%), followed by classic (n=801, 24.5%) and minimally classic (n=381, 11.6%). Central retinal thickness exhibited a significant mean reduction from baseline (mean=349.4 μm) to the first follow-up (-98.6 μm) and the final follow-up (-78.9 μm) [12] [13] . In our present study, the baseline CNV lesion was found to be of the occult type in 53 eyes (71.6%), predominantly classic in 17 (23.0%), and minimally classic in 4 (5.4%). At the end of 1y, the extent of CMT reduction was approximately -30.9 μm from baseline. In a retrospective review of 50 consecutive United Kingdom patients with neovascular AMD receiving ranibizumab on a PRN basis, patients were seen an average of 11 times during a mean follow-up period of 13.6mo. The VA at the last visit had improved by 4.6 letters from baseline, achieved by giving a mean of 4.7 injections per 12-month period. Notably, 42 patients (84%) lost less than 15 letters (three lines) of VA and 13 patients (26%) gained 15 letters or more at the end of follow-up. The reasons for the vision losses of 15 letters or more in eight patients were development of subfoveal/ subretinal fibrosis in four, and geographic atrophy in two patients. The reasons for vision loss in the remaining two patients were not recorded [8] .
In the CATT study, VA scores were reported for 1030 (93.0%) of 1107 patients 2y after enrollment. At the end of 2y, the mean increase in VA letters from baseline was 8.8 in the group receiving monthly ranibizumab treatment, 7.8 in the group receiving monthly bevacizumab, 6.7 in the group receiving ranibizumab as needed, and 5.0 in group receiving bevacizumab as needed. Furthermore, geographic atrophy developed in 109 patients (10.6%) at the end of 1y and in 187 patients (18.3%) at the end of 2y [14] . In the IVAN study, 610 patients with untreated wet AMD were randomly assigned to receive intravitreal injections of ranibizumab or bevacizumab monthly, or as needed. A noninferiority comparison was made between bevacizumab and ranibizumab (in terms of visual change) at the end of 2y. The "as needed" group received an average of 13 injections over the 2-year period compared to 23 for those treated monthly. However, continuous treatment was associated with more geographic atrophy [15] ; data on the safety of long-term ranibizumab use to treat wet AMD are still lacking.
In the SEVEN-UP study that reported the 7-year follow-up results of patients who had received ranibizumab therapy for neovascular AMD in the ANCHOR and MARINA studies, 65 patients were followed-up for 7.3y on average (range, 6.3-8.5y). In our study, the mean follow-up time was 3.9y (range, 2.0-6.25y). In this study, 18% of patients received 1 to 5 injections, 18% received 6 to 10 injections, 23% received 11 or more injections, and 41% of the study eyes received no injections. In our study, 41.9% (31 eyes) of eyes were injected 1 to 5 times, 35.1% (26 eyes) were injected 6-10 times, and 23.0% (17 eyes) received 11 injections or more. The mean letter loss in the SEVEN-UP study within the 7-year period was 8.6. The mean change in VA was a gain of 11.2 letters at the end of year 2 and a gain of 1.7 letters at the end of year 4. In our study, the VA of patients was stable for 4y. The longer followup period in the SEVEN-UP study and the decreasing number of patients over the time period within our study may explain this difference. In the SEVEN-UP study, ≥15 letters were lost by the end of 7y in 33.8% of patients. However, in our study, when the patients' data were evaluated at year 4, we observed that ≥15 letters were lost in 35.1%, and ≥15 letters were gained in 14.9%. In the SEVEN-UP study, fibrosis was reported in 26 (42%) eyes and geographic atrophy in 34 (54%) [7] . In our study, fibrosis developed in 47 (63.5%) eyes, and geographic atrophy in 6 (8.1%). Longer periods between visits, and fewer injections, may explain the greater number of fibrosis cases and the lower extent of geographic atrophy. In a previous study performed in Germany, there was a mean letter gain of 1.1±15.7 and a mean letter loss of 0.8±17.2 at the end of year 2 [16] . In this study, 4.3±1.9 anti-VEGF injections were administered to patients in year 1, and 1.3±2.2 injections in year 2. The mean period between two injections was 47.7 ±36.7d. Occult CNV was reported in 40.3% of patients, and classic CNV in 27.3%. In a similar manner in our study, a mean gain of 2.8 letters was seen at the end of year 1, and a loss of 2.5 letters was seen at the end of year 2. In our study, 4.5±1.7 injections on average were given to patients in year 1, Int J Ophthalmol, Vol. 11, No. 4, Apr.18, 2018 www.ijo.cn Tel:8629-82245172 8629-82210956 Email:ijopress@163.com and 1.6±1.8 injections in year 2. The mean period between two visits was 57±16d. In a multicentric study evaluating the safety of ranibizumab in 4444 patients with wet AMD, the number of injections given during year 1 ranged between 4.3 and 5.5 [17] . In another multicenter study, the mean change in VA in patients was a gain of 2.4 letters at the end of year 1 and a gain of 0.6 letters at the end of year 2. In year 1, 5.0 injections were given to patients on average, and 2.2 injections were given in year 2. Patients had a mean of 8.6 visits within year 1, while this number decreased to 4.9 in year 2 [18] . In this trial, more frequent visits and injections were associated with greater improvements in VA. In our study, the mean period between two visits was longer, and the numbers of injections less, than in the cited trial, which may explain the poorer VA results of our study. Our study had some limitations, including being retrospective, being from a single-center, and involving a decreasing patient number over the 5-year period. We report more fibrosis and less geographic atrophy than in SEVEN-UP study, macular thickness does not change much with increased fibrosis and anatomical results with more fibrosis can be explained by the lower rate of injections in current study In conclusion, ranibizumab monotherapy can provide stabilization of VA for a mean period of 4y in wet AMD. We gave fewer injections compared to other studies, and observed less improvement in VA and macular thickness.
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